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reception frequency in the GPS reception unit.

10 Claims, 8 Drawing Sheets

/l

1" 20
40 50 55
5 OPERATING | | DispLAY | | SOMND. 80
UNIT UNIT
UNIT
7 l T T 30 70
RECEPTION
RF SIGNAL | BASEBAND e [EONE
RECEPTION PROCESSING [« HOSTPROCESSING UNIT &> oo WIRELESS
CIRCUIT UNIT CIRCUIT UNIT CRCUT ONIT
A
A A y
TIMEPIECE| [ STORAGE
UNIT UNIT
GPS RECEPTION UNIT

90 80



US 9,253,751 B2

Sheet 1 of 8

Feb. 2, 2016

U.S. Patent

[s/w] @33ds ¥3aAITD3Y

o1

gl

l "Old

JAIL

K oqw
~ 4

d33dS "3AIF0IH ——
ANIVA 1414A@ %0010 d3LVINI VO ~e—
ANTVA LA HOOTO N L e

0é-

Gi-

0l-

[s/w] 1419Q MD01D



U.S. Patent Feb. 2, 2016 Sheet 2 of 8 US 9,253,751 B2

20

15

10

FIG. 2

0
VISUAL LINE RECEIVER SPEED [m/s]

-10

-15

30
20
-20

o o o
—

1
-20
-30

[s/w] yO¥¥3 ¥31ddOA



U.S. Patent Feb. 2, 2016 Sheet 3 of 8 US 9,253,751 B2




US 9,253,751 B2

Sheet 4 of 8

Feb. 2, 2016

U.S. Patent

09

08 06
/L L LINA NOILdIOTY SdO
1INN 1INA
I9vH0lS | |3031daniL
1INA LINDYID
1INA LINDHID LINA LINDHID
NOILYOINNNNOD |, 1INN ONISSIO0Hd 1SOH ¢ » ONISSTIOHd fe——— NOILdIDTI |
SS3 134IM aNve3sva | TYNOIS 2
Oh\ Om r v ﬁ
1INN
1nd1no >@.___n,__m_o ozmﬁ@%
aNNOS \ \
mm\ om\ ow\\ \ \
02 L \

/

]




U.S. Patent

Feb. 2, 2016

Sheet 5 of 8

20

e

US 9,253,751 B2

BASEBAND PROCESSING CIRCUIT UNIT

/21

PROCESSING UNIT

SATELLITE
CAPTURING UNIT

211

| 1

A 4

RECEPTION SIGNAL TYPE |
DETERMINATION UNIT

|- 213

A

POSITION
CALCULATION UNIT

215

MOVEMENT SPEED
CALCULATION UNIT

| 1217

A

A 4

/23

\ 4

231A~

232

233~

231~]_|

STORAGE UNIT

BASEBAND PROCESSING
PROGRAM

MOVEMENT SPEED
CALCULATION
PROGRAM

[

MEASUREMENT
INFORMATION

CODE PHASE

RECEPTION
FREQUENCY

—

SELECTION
CONDITION TABLE

|1

SIGNAL INTENSITY

-

SATELLITE ORBIT DATA

235
-235A

2358

L-2350

" GATELLITE MOVEMENT
INFORMATION

w//zm

RECEIVER INFORMATION

|—-239

|1

FIG. 5



U.S. Patent

Feb. 2, 2016 Sheet 6 of 8

BASEBAND
PROCESSING

US 9,253,751 B2

CAPTURING-TARGET SATELLITE
SELECTION PROCESSING

|_— Al

!

CAPTURE GPS SATELLITE
SIGNAL FOR EACH
CAPTURING-TARGET SATELLITE

A3

v

LOOPA:
EACH CAPTURED SATELLITE

|_— AD

v

CALCULATE
MEASUREMENT INFORMATION

| AT

v

CALCULATE SATELLITE
MOVEMENT INFORMATION

|_—A9

v

RECEPTION SIGNAL TYPE
DETERMINATION PROCESSING

| —AT1

LOOPA

h 4

|_—A13

POSITION CALCULATION
PROCESSING

|_—A15

v

MOVEMENT SPEED
CALCULATION PROCESSING

| —A17

v

OUTPUT RECEIVER INFORMATION

|_—A19

v

&Yes

C END )

FIG. 6

T< PROCESSING ENDS ? >/A21



U.S. Patent

Feb. 2, 2016 Sheet 7 of 8

MOVEMENT SPEED
CALCULATION PROCESSING

I

US 9,253,751 B2

SELECT MOVEMENT SPEED
CALCULATING SATELLITE IN ACCORDANCE
WITH SELECTION CONDITION

—B1

h 4

ESTABLISH CALCULATION FORMULA OF
ESTIMATED FREQUENCY FOR EACH
MOVEMENT SPEED CALCULATING SATELLITE

'

PERFORM CONVERGENCE
CALCULATION TO CALCULATE RECEIVER
SPEED VECTOR AND CLOCK DRIFT

L—B5

1
oo D

FIG. 7




U.S. Patent

Feb. 2, 2016 Sheet 8 of 8
SECOND BASEBAND
C PROCESSING
—

CAPTURING-TARGET SATELLITE
SELECTION PROCESSING

|- A1

'

CAPTURE GPS SATELLITE
SIGNAL FOR EACH
CAPTURING-TARGET SATELLITE

| — A3

v

LOOPA:
EACH CAPTURED SATELLITE

| A5

!

CALCULATE
MEASUREMENT INFORMATION

v

CALCULATE SATELLITE
MOVEMENT INFORMATION

| —— A9

I

RECEPTION SIGNAL TYPE
DETERMINATION PROCESSING

Al

v

LOOPA

v

| __A13

FIRST POSITION CALCULATION
PROCESSING

| _—G15

MOVEMENT SPEED
CALCULATION PROCESSING

| —A17

v

SECOND POSITION CALCULATION
PROCESSING

| —-C19

L 2

DETERMINE OUTPUT POSITION BY
MEANS OF FIRST CALCULATED
POSITION AND SECOND
CALCULATED PQOSITION

| _—C21

L 2

OUTPUT RECEIVER INFORMATION

| _—C23

il

Yes

END

FIG. 8

T< PROCESSING ENDS ? >/A21

US 9,253,751 B2



US 9,253,751 B2

1
METHOD OF CALCULATING MOVEMENT
SPEED AND DEVICE FOR CALCULATING
MOVEMENT SPEED

This application claims priority to Japanese Patent Appli-
cation No. 2012-023153, filed Feb. 6, 2012, the entirety of
which is hereby incorporated by reference.

BACKGROUND

1. Technical Field

The present invention relates to a method of calculating a
movement speed of a receiver, or the like.

2. Related Art

As apositioning system using positioning satellite signals,
a GPS (Global Positioning System) is widely known, and is
used in a GPS receiver which is embedded in a mobile phone,
a car navigation device, or the like. In the GPS, position
calculation using information, such as the positions of a plu-
rality of GPS satellites or a pseudo distance to each GPS
satellite is performed to obtain the position of the GPS
receiver or a clock bias.

Inthe GPS, under the principle that the reception frequency
changes depending on the relative speed of the GPS satellite
and the GPS receiver, the movement speed of the GPS
receiver can be calculated using the transmission frequency
of'the GPS satellite signal and the reception frequency in the
GPS receiver (for example, JP-A-2010-175426).

As described above, inthe GPS, the movement speed of the
GPS receiver can be calculated. On the other hand, if the
movement speed calculated under the above principle is tem-
porally integrated to calculate the movement distance of the
GPS receiver, an experiment has shown that the calculated
movement distance tends to become shorter than the actual
movement distance of the GPS receiver.

If the movement speed can be correctly calculated, the
movement distance of the GPS receiver will be correctly
obtained. Nevertheless, in the method of the related art, the
condition that the movement distance is not correctly
obtained means that the movement speed is not correctly
calculated due to any number of factors.

SUMMARY

An advantage of some aspects of the invention is that it
provides a new method of correctly calculating a movement
speed of a receiver.

A first aspect of the invention is directed to a method for
calculating a movement speed of a receiver receiving a trans-
mission signal from a predetermined transmission source.
The method includes determining whether or not a reception
signal of the receiver is an indirect wave, and based on a
principle that a reception frequency changes depending on a
relative speed of the transmission source and the receiver,
calculating the movement speed of the receiver using a cor-
rection coefficient of the relative speed determined in accor-
dance with the determination of whether or not the reception
signal is an indirect wave, a transmission frequency of the
transmission signal and the reception frequency in the
receiver.

As another aspect of the invention, the device for calculat-
ing a movement speed may be configured as a device includ-
ing a reception unit which receives a transmission signal from
a predetermined transmission source, a determination unit
which determines whether or not a reception signal of the
reception unit is an indirect wave, and a calculation unit
which, based on a principle that a reception frequency
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changes depending on a relative speed of the transmission
source and the reception unit, calculates the movement speed
of the reception unit using a correction coefficient of the
relative speed determined in accordance with the determina-
tion of whether or not the reception signal is an indirect wave,
a transmission frequency of the transmission signal and the
reception frequency in the reception unit.

According to the first aspect and the like, it is determined
whether or not the reception signal of the receiver is an
indirect wave. Based on the principle that the reception fre-
quency changes depending on the relative speed of the trans-
mission source and the receiver, the movement speed of the
receiver is calculated using the correction coefficient of the
relative speed determined in accordance with the determina-
tion of whether or not the reception signal is an indirect wave,
the transmission frequency of the transmission signal and the
reception frequency in the receiver.

The predetermined transmission source is a transmission
source of a predetermined transmission signal, such as a
positioning satellite, a pseudo satellite (pseudolite), or a base
station of a mobile phone. While the details will be described
in connection with an embodiment, when a signal when
receiving a transmission signal from the predetermined trans-
mission source is an indirect wave, a correction coefficient for
indirect wave reception is applied as the correction coefficient
of the relative speed of the transmission source and the
receiver, and based on the principle that the reception fre-
quency changes depending on the relative speed, the move-
ment speed of the receiver can be correctly calculated.

As a second aspect of the invention, the method of calcu-
lating a movement speed according to the first aspect of the
invention may be configured such that the calculating of the
movement speed includes estimating an error with respect to
the relative speed when it is determined that the reception
signal is a direct wave.

While the calculation of the movement speed of the
receiver directly using the relative speed of the transmission
source and the receiver is correct if the reception signal is a
direct wave, when the reception signal is an indirect wave, it
cannot be considered that the calculation is correct. Accord-
ingly, with the above configuration, an error with respect to
the relative speed when the reception signal is a direct wave is
estimated. With the use of the estimated error, the movement
speed when the reception signal is an indirect wave can be
correctly calculated.

A third aspect of the invention is directed to the method of
calculating a movement speed according to the second aspect
of the invention, wherein the estimating of the error includes
estimating the error assuming that the movement speed of the
receiver and the error have a positive correlation.

As a fourth aspect of the invention, the method of calcu-
lating a movement speed according to the third aspect of the
invention may be configured such that the estimating of the
error includes estimating the error based on the positive cor-
relation in which the degree of increase of the error with
respect to the movement speed of the receiver is equal to or
greater than 1.0 and equal to or smaller than 3.0.

An experiment has shown that the movement speed of the
receiver and the error have a positive correlation. In this case,
it has been shown that, if the degree of increase of the error
with respect to the movement speed of the receiver is equal to
or greater than 1.0 and equal to or smaller than 3.0, the error
can be effectively estimated. Therefore, according to the third
or fourth aspect of the invention, it becomes possible to
appropriately estimate the error.

As a fifth aspect of the invention, the method of calculating
a movement speed according to any of the first to fourth
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aspects of the invention may be configured such that the
correction coefficient is a coefficient which indicates chang-
ing a relative movement direction of the transmission source
and the receiver to a given direction.

According to the fifth aspect of the invention, since the
correction coefficient is a coefficient which indicates chang-
ing the relative movement direction of the transmission
source and the receiver to a given direction, it is possible to
appropriately obtain the relative speed when the reception
signal is an indirect wave, and to prevent an erroneous move-
ment speed from being calculated.

As asixth aspect ofthe invention, the method of calculating
amovement speed according to any of the first to fifth aspects
of the invention may be configured such that the method
further includes receiving transmission signals from a plural-
ity of transmission sources, the determining includes deter-
mining whether or not each reception signal is an indirect
wave, and the calculating of the movement speed includes
calculating the movement speed of the receiver using a cor-
rection coefficient of a relative speed concerning each recep-
tion signal.

According to the sixth aspect of the invention, the move-
ment speed of the receiver is calculated using the correction
coefficient of the relative speed concerning each reception
signal depending on whether or not the transmission signal
received from each of'a plurality of transmission sources is an
indirect wave, thereby improving accuracy of movement
speed calculation.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG. 1 shows an example of an experimental result when
examining fluctuation in a drift component included in a
reception frequency.

FIG. 2 shows an example of an experimental result when
examining a correlation between line-of-sight receiver speed
and Doppler error.

FIG. 3A is an explanatory view when a direct wave is
received, and FIG. 3B is an explanatory view when an indirect
wave is received.

FIG. 4 is a diagram showing an example of the functional
configuration of a mobile phone.

FIG. 5 is a diagram showing an example of the circuit
configuration of a baseband processing circuit unit.

FIG. 6 is a flowchart showing the flow of baseband pro-
cessing.

FIG. 7 is a flowchart showing the flow of movement speed
calculation processing.

FIG. 8 is a flowchart showing the flow of second baseband
processing.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, a preferred embodiment to which the inven-
tion is applied will be described with reference to the draw-
ings. This embodiment is an embodiment in which a GPS
(Global Positioning System) as a type of satellite positioning
system is applied. Of course, the form to which the invention
can be applied is not limited to the following embodiment.

1. Principle

In a satellite positioning system using a GPS, a GPS satel-
lite as a type of positioning satellite transmits navigation data

10

15

20

25

30

35

40

45

50

55

60

65

4

including satellite orbit data, such as ephemeris or almanac,
along with a GPS satellite signal as a type of positioning
satellite signal. In this embodiment, the GPS satellite corre-
sponds to a predetermined transmission source.

The GPS satellite signal which is the transmission signal of
the GPS satellite is a signal with 1.57542 [GHz] modulated by
a CDMA (Code Division Multiple Access) system, which is
known as a spread spectrum system, using a C/A (Coarse and
Acquisition) code as a type of spread code. 1.57542 [GHz]
corresponds to the transmission frequency of the GPS satel-
lite signal. The C/A code is a pseudo random noise code in a
repetition period of 1 ms with a code length 1023 chip as 1 PN
frame, and is specific to each GPS satellite.

As described in the related art, in the GPS, under the
principle that the reception frequency changes depending on
the relative speed of a GPS satellite and a GPS receiver, the
movement speed of the GPS receiver can be calculated using
a transmission frequency of the GPS satellite signal and a
reception frequency in the GPS receiver. Meanwhile, an
experiment has been conducted such that the movement dis-
tance and the movement direction of the GPS receiver are
calculated by temporally integrating the movement speed
calculated under the above principle, and displacement for
the movement distance is applied to the movement direction
from the latest position to calculate the position. As a result, it
has been shown that the calculated position tends to draw a
locus which appears to be reduced compared to locus drawn
by the true position of the GPS receiver.

In order to clarify the reason for such a phenomenon, the
inventors have conducted an experiment to examine the
reception frequency in the GPS receiver in detail. Specifi-
cally, the GPS receiver has been provided in an automobile, a
driving test in which the automobile is driven while changing
the movement speed has been conducted, and in this case,
fluctuation in a drift component included in the reception
frequency in the GPS receiver has been examined.

A reception frequency f. in the GPS receiver can be
expressed using a carrier frequency f, as a transmission fre-
quency of the GPS satellite signal, a Doppler frequency 1,
and a clock drift d as Expression (1).

St faoptd M

In the experiment, the reception frequency f, when GPS
satellite signals have been received from a plurality of GPS
satellites has been measured. The speed of the automobile has
been measured using a high-precision speed measurement
device to obtain the speed of the GPS receiver (hereinafter,
referred to as “receiver speed”), and Doppler frequency f,,,
has been calculated using the receiver speed and the speed
(hereinafter, referred to as “satellite speed”) of the GPS sat-
ellite. The clock drift d has been measured using these values
from Expression (1) (hereinafter, referred to as “calculated
clock drift value™), and time-series change in drift component
included in the reception frequency has been examined.

FIG. 1 shows an experiment result focusing on one GPS
satellite from among a plurality of GPS satellites. In FIG. 1,
the horizontal axis is a time axis. The calculated clock drift
value is represented by a plot of black dots, and the receiver
speed is represented by a plot of white triangles. The true
value (hereinafter, referred to as “true clock drift value”) of
the clock drift d is represented by a bold solid line in the
drawing.

In detail, the value of the clock drift (in FIG. 1, the clock
drift at points (three locations) where the receiver speed
becomes zero) when the GPS receiver is stopped is obtained
using the position and speed when the GPS receiver is
stopped, and a line obtained by subtracting an approximation
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line from these values corresponds to a bold solid line of FIG.
1 which indicates the true clock drift value. Meanwhile, the
clock drift represents the result of conversion in a unit “m/s”
of speed.

From the experiment result, it is understood that the calcu-
lated clock drift value swings significantly upward and down-
ward with respect to the true clock drift value. Ideally, while
the calculated clock drift value changes so as to follow the
true clock drift value, actually, deviation occurs between the
calculated clock drift value and the true clock drift value.

When focusing on the deviation between the calculated
clock drift value and the true clock drift value, in a portion P1
surrounded by a dotted line, the calculated clock drift value
swings upward with respect to the true clock drift value, and
the amount of deviation is represented to be positive. In a
portion P2 surrounded by a one-dot-chain line, the calculated
clock drift value swings downward with respect to the true
clock drift value, and the amount of deviation is represented
to be negative.

Accordingly, as a result of examining the time zones cor-
responding to the portion P1 and the portion P2, it has been
understood that the GPS receiver (automobile) has moved in
a direction close to the GPS satellite in the time zone corre-
sponding to the portion P1, and the GPS receiver has moved
in a direction away from the GPS satellite in the time zone
corresponding to the portion P2. Although FIG. 1 shows only
the experiment result concerning one GPS satellite, it has
been confirmed that the same experiment result has been
obtained for other GPS satellites.

From the above experiment result, it has been understood
that deviation has occurred between the calculated clock drift
value and the true clock drift value, and the deviation has
changed in the positive and negative directions depending on
the relative movement direction of the GPS receiver with
respect to the GPS satellite. The inventors have considered
whether the amount of deviation represents an error (herein-
after, referred to as “Doppler error’) in the Doppler frequency
and have verified the Doppler error.

1-1. Verification of Doppler Error

Initially, variables are defined. The speed has a direction in
addition to magnitude. For this reason, in the following
description, in principle, the term “speed” represents the
magnitude (scalar quantity) of speed, and the term “speed
vector” represents a direction in addition to the magnitude
(scalar quantity) of speed. That is, the term “speed” means
“Speed”, and the term “speed vector” means “Velocity”.

The speed vector (hereinafter, referred to as “receiver
speed vector”) of the GPS receiver in the ECEF coordinate
system is defined as Expression (2) using vector notation
“y,”. The position (hereinafter, referred to as “receiver posi-
tion”) of the GPS receiver in the ECEF coordinate system is
defined as Expression (3) using vector notation “p,”.

@

©)

Meanwhile, the subscript “r” represents the GPS receiver.
(u,,v,,w,) represents the speed components of the X axis, the
Y axis, and the Z axis of the ECEF coordinate system, and
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(X,.¥,,Z,) represents the position components of the X axis,
the Y axis, and the Z axis of the ECEF coordinate system.

The speed vector (hereinatter, referred to as “satellite speed
vector” of the GPS satellite in the ECEF coordinate system is
defined as Expression (4) using vector notation *“v,”. The
position (hereinafter, referred to as “satellite position™) of the
GPS satellite in the ECEF coordinate system is defined as
Expression (5) using vector notation “p;”.

u; @)
V=1V
Wi

X; 5)
=y
Zj

173333

Meanwhile, the subscript “j” represents the number of the
GPS satellite. When the number of captured GPS satellites is
N, =1, 2, . . ., and N”. (u,v,,w,) represents the speed
components of the X axis, the Y axis, and the Z axis of the
ECEF coordinate system, and (x,,y ,Z,) represents the position
components of the X axis, the Y axis, and the Z axis of the
ECEF coordinate system.

At this time, a unit vector (hereinafter, referred to as “line-
of-sight unit vector”) 1, in a line-of-sight direction from the
GPS receiver toward the GPS satellite can be defined as
Expression (6).

S 6
7__ Pj=Pr ©

J

-7

The receiver speed vector v, is projected in the line-of-sight
direction, thereby defining the speed (hereinafter, referred to
as “line-of-sight receiver speed”) of the GPS receiver with
respect to the line-of-sight direction. Specifically, the inner
product of the receiver speed vector v, and the line-of-sight
unit vector 1, is calculated, thereby obtaining the line-of-sight
receiver speed v,,,; as Expression (7).

7
Viad= V" 1

M

Meanwhile, the superscript “T” represents the transposi-
tion of a matrix.

FIG. 2 is an example of an experiment result when an
experiment has been conducted to examine the correlation
between the line-of-sight receiver speed and the Doppler
error. In this experiment, a driving test in which an automo-
bile provided with a GPS receiver has been driven in an urban
canyon environment with many skyscrapers has been con-
ducted, and the line-of-sight receiver speed and the Doppler
error have been examined. The Doppler error has been mea-
sured by obtaining the difference between the calculated
clock drift value and the true clock drift value. The line-of-
sight receiver speed and the Doppler error are measured once
a second, and the result of plotting the characteristic values
(coordinate values) of the line-of-sight receiver speed and the
Doppler error for a predetermined time on the coordinate is
shown in FIG. 2.

In FIG. 2, the horizontal axis represents the line-of-sight
receiver speed, and the vertical axis represents the Doppler
error. The units are “m/s”. The right half plot of the graph is a
plot indicating a situation in which the line-of-sight receiver
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speed has a positive value, that is, a situation in which the GPS
receiver is moving in a direction close to the GPS satellite.
The left half plot of the graph is a plot indicating a situation in
which the line-of-sight receiver speed has a negative value,
that is, a situation in which the GPS receiver is moving in a
direction away from the GPS satellite.

From this graph, it is understood that the Doppler error has
two types of distributions of a first distribution D1 and a
second distribution D2. The first distribution D1 can be
regarded as a normal distribution where the Doppler error is
roughly zero. The second distribution D2 is a distribution
where the line-of-sight receiver speed and the Doppler error
have a positive correlation, specifically, a distribution which
linearly changes depending on the line-of-sight receiver
speed. The same experiment has been conducted in other
cities, and it has been confirmed that the same result as in FIG.
2 has been obtained.

Since the experiment environment is the urban canyon
environment, it can be inferred that the first distribution D1
represents a distribution when the GPS receiver receives a
direct wave from the GPS satellite, and the second distribu-
tion D2 represents a distribution when the GPS receiver
receives an indirect wave from the GPS satellite.

FIGS. 3A and 3B are explanatory views when the GPS
receiver receives a direct wave and an indirect wave. FIG. 3
shows a case where a GPS satellite SV is at a predetermined
position in the sky in the right direction toward paper, and the
GPS receiver R moves in the right direction of the drawing.
Description will be provided assuming that the sign of the
receiver speed vector v, in the right direction is “positive”,
and the sign of the receiver speed vector v, in the left direction
is “negative”.

FIG. 3A is an explanatory view when the GPS receiver R
receives a direct wave from the GPS satellite SV,. When the
GPS receiver R receives a direct wave, Doppler of the GPS
receiver R occurs in a direction facing the traveling direction
of'the direct wave. The Doppler frequency in this case can be
obtained by projecting a relative speed vector v,—v, of the
satellite speed vector v, and the receiver speed vector v, in the
line-of-sight direction. In this case, the reception frequency £,
in the GPS receiver R is expressed as Expression (8).

FA AT V)T ad ®

FIG. 3B is an explanatory view when the GPS receiver R
receives an indirect wave from the GPS satellite SV ;. A direct
wave sent from the GPS satellite SV, is reflected by an
obstacle B, such as a building, and the reflected wave
becomes an indirect wave and reaches the GPS receiver R. In
FIG. 3B, it looks like that the GPS receiver R receives an
indirect wave in a direction opposite to the movement direc-
tion.

As indicated by a one-dot-chain line in FIG. 3B, this situ-
ation is equivalent to a situation in which the GPS receiver R
is virtually at a position line-symmetrical to the obstacle B on
aline L, moves in the negative direction, and receives a direct
wave with no obstacle B. The receive speed vector of the
virtual GPS receiver R is represented by —v,. For this reason,
the reception frequency f, in the GPS receiver can be
expressed as Expression (9).

S~V DT 4d ©
Although in FIG. 3B, for simplification of description, a
case where the positional relationship between the GPS sat-
ellite SV, and the GPS receiver R is a two-dimensional posi-
tional relationship has been described, the same can be
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applied to the three-dimensional positional relationship, and
the reception frequency £, in the GPS receiver is expressed as
Expression (9).

According to Expressions (8) and (9), the reception fre-
quency is represented by difterent expressions between when
the GPS receiver receives a direct wave and when the GPS
receiver receives an indirect wave. This can be explained
considering that an error occurs in the reception frequency f,
expressed by Expression (1).

The error is represented by “€” as the above-described
Doppler error. In this case, if the reception frequency f, is
formulated taking into consideration the Doppler error e,
Expression (10) is obtained.

S A goptdte

The Doppler frequency f,,, of Bxpression (10) is
expressed by Expression (11).

(10)

oo (V= V)T (an
From the experiment result of FIG. 2, the second distribu-
tion D2 of the Doppler error shows a linear correlation char-
acteristic with respect to the line-of-sight receiver speed v, ;.
For this reason, if the Doppler error € is approximated by a
linear expression using a linear function (simple increasing
function) with the line-of-sight receiver speed v,,,; as a vari-
able, Expression (12) is obtained.

v ma(V,7 1)

(12
Meanwhile, “ct” is a coefficient which represents the slope
of the linear function.
Expression (10) can be modified as Expression (13) using

Expressions (11) and (12).

fr:fc+(;j—3r)r'7j+d+w(3f'7j) 4

- O
=fer(vi-U-a)y,) -1;+d

The first distribution D1 of the Doppler error € is a normal
distribution where an expected value is roughly zero. Accord-
ingly, if a is zero (a=0), Expression (13) coincides with
Expression (8). Therefore, it can be said that the first distri-
bution D1 represents a distribution when the GPS receiver
receives a direct wave.

According to the experiment result of FIG. 2, in the second
distribution D2 of the Doppler error €, the slop (the degree of
increase) when the relationship between the line-of-sight
receiver speed v,,; and the Doppler error € is expressed by a
linear expression is approximately 2.0. Accordingly, if o is
2.0 (a=2.0), Expression (13) coincides with Expression (9).
Therefore, it can be said that the second distribution D2
represents a distribution when the GPS receiver receives an
indirect wave.

While the relationship between the line-of-sight receiver
speed v, ;and the Doppler error € is approximated by a linear
expression, this is just an example. The relationship may be of
course represented by a different function insofar as the func-
tion has a positive correlation.

1-2. Method of Calculating Movement Speed

Next, a method of calculating a movement speed in this
embodiment will be described. This embodiment is an
embodiment in which it is assumed that the speed of the GPS
receiver being moved, that is, the movement speed of the GPS
receiver is calculated.

Specifically, it is determined whether or not the reception
signal of the GPS receiver is an indirect wave. Under the
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principle that the reception frequency changes depending on
the relative speed of the GPS satellite (transmission source)
and the GPS receiver (receiver), the movement speed of the
GPS receiver is calculated using a correction coefficient of the
relative speed determined by the carrier frequency (transmis-
sion frequency) of the GPS satellite signal, the reception
frequency in the GPS receiver, and whether or not the recep-
tion signal is an indirect wave.

(1) Reception Signal Type Determination

For each satellite (hereinafter, referred to as “captured sat-
ellite”) captured by the GPS receiver, the type of the reception
signal is determined. Specifically, the type representing to
which of a direct wave, an indirect wave, and a multipath
signal (direct wave+indirect wave) the reception signal cor-
responds is determined on the basis of information, such as
the signal intensity of the reception signal or an elevation
angle.

When a direct wave has been received, the signal intensity
of the reception signal tends to increase. On the contrary,
when an indirect wave has been received, the signal intensity
of'the reception signal tends to decrease. Accordingly, in this
embodiment, as a threshold value of the signal intensity, first
threshold intensity and second threshold intensity greater
than the first threshold intensity are determined. When the
signal intensity exceeds the second threshold intensity, it is
determined that a direct wave has been received. When the
signal intensity is equal to or greater than the first threshold
intensity and equal to or smaller than the second threshold
intensity, it is determined that a multipath signal has been
received. When the signal intensity is smaller than the first
threshold intensity, it is determined that an indirect wave has
been received.

The type of the reception signal may be determined from
the eclevation angle instead of the signal intensity. For
example, a direct wave is highly likely to be received from a
satellite having a high elevation angle. On the contrary, an
indirect wave is highly likely to be received from a satellite
having a low elevation angle. Accordingly, for example, as a
threshold value of the elevation angle, a first threshold eleva-
tion angle and a second threshold elevation angle greater than
the first threshold elevation angle are determined. When the
elevation angle exceeds the second threshold elevation angle,
it is determined that a direct wave has been received. When
the elevation angle is equal to or greater than the first thresh-
old elevation angle and equal to or smaller than the second
threshold elevation angle, it is determined that a multipath
signal has been received. When the elevation angle is smaller
than the first threshold elevation angle, it is determined that an
indirect wave has been received.

The two determination methods may be combined. For
example, when the signal intensity exceeds the second thresh-
old intensity, it is determined that a direct wave has been
received. When the signal intensity is equal to or smaller than
the second threshold intensity, a method of determining
whether the reception signal is a multipath signal or an indi-
rect wave by the combination of the signal intensity and the
elevation angle is considered.

Of course, the method of determining the type of the recep-
tion signal using the signal intensity or the elevation angle
described above is just an example, and the type of the recep-
tion signal may be determined using a different method of the
related art.

(2) Selection of Movement Speed Calculating Satellite

Next, a captured satellite (hereinafter, referred to as “move-
ment speed calculating satellite”) which is used for calculat-
ing the movement speed is selected under a prescribed selec-
tion condition. In this embodiment, four parameters of the
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three-dimensional speed components (u,,v,,w,) included in
the receiver speed vector v, and the clock drift d of the GPS
receiver are unknown. Since there are four unknowns, it is
necessary to select at least four captured satellites as the
movement speed calculating satellite. In this case, for
example, the movement speed calculating satellite is selected
in accordance with priority determined on the basis of the
type of the reception signal.

Specifically, a captured satellite in which the type of the
reception signal is a direct wave has a first priority, and a
captured satellite in which the type of the reception signal is
an indirect wave has a second priority. A captured satellite in
which the type of the reception signal is a multipath signal has
a third priority.

For example, when there are four or more captured satel-
lites having the first priority, all of these captured satellites are
selected as the movement speed calculating satellite, and a
captured satellite having the second or subsequent priority is
not selected. When the number of captured satellites having
the first priority is less than four, for example, shortfall satel-
lites are selected from captured satellites having the second
priority such that the total number of movement speed calcu-
lating satellites is equal to or greater than four. When the total
number of captured satellites having the first priority and the
second priority is less than four, shortfall satellites are
selected from captured satellites having the third priority such
that the total number of movement speed calculating satellites
is equal to or greater than four. As a method of selecting
shortfall satellites, shortfall satellites may be selected in a
descending order of signal intensity or in a descending order
of elevation angle.

(3) Movement Speed Calculation Processing

Next, processing for calculating the movement speed of the
GPS receiver using the correction coefficient of the relative
speed determined in accordance with the transmission fre-
quency of the GPS satellite signal, the reception frequency in
the GPS receiver, and whether or not the reception signal is an
indirect wave. In the movement speed calculation processing,
for example, convergence calculation is performed using a
so-called least-square method which minimizes the sum of a
square of the difference between an observed frequency and
an estimated frequency concerning each movement speed
calculating satellite. The observed frequency is the frequency
of'the GPS satellite signal observed by the GPS receiver, and
is obtained by performing correlation computation in the
frequency direction. The estimated frequency is a frequency
which is estimated by Expression (13).

First, an unknown vector X with the receiver speed vector
v, and the clock drift d as components is defined as Expres-
sion (14).

14

At this time, convergence calculation is executed in accor-
dance with Expressions (15) to (17).

—n-1) -

=X +AX

—(n)

1s)

A (HTH)AHT(fj _ fr(i v 7j)) (16)
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-continued
e af(X, ) 1)

=

ax

an

In Expression (15), vector notation “X“* represents an
unknown vector which is obtained in the n-th step of conver-
gence calculation, and “AX” represents the amount of update
of the unknown vector. The unknown vector X is updated in
accordance with Expressions (15) to (17) until the amount AX
of update of the unknown vector becomes sufficiently small.

In Expression (16), “f;” is an observed frequency concern-
ing the j-th movement speed calculating satellite, and “f (X,
v,,1;)” is an estimated frequency estimated for the j-th move-
ment speed calculating satellite. From Expression (13), since
the reception frequency f, is represented by a function with
the receiver speed vector v,, the clock drift d, the satellite
speed vector v,, and the line-of-sight unit vector | as variables,
the estimated frequency is designated as £,(X,v,1).

Expression (13) concerning the calculation of the esti-
mated frequency is an expression representing that an error
with respect to the relative speed of the GPS satellite and the
GPS receiver when the reception signal is a direct wave (it is
determined that the reception signal is a direct wave) is esti-
mated, and so to speak, the relative speed is corrected using
the error.

The relative speed vector when the reception signal is a
direct wave is represented by “v,—v,””. Meanwhile, if the Dop-
pler error € is taken into consideration, since the effective
receiver speed vector becomes “(1-a)v,”, an error “-a-v,”
occurs. Since the error “~a-v,” acts as a backward resistance
value, in the method of calculating a movement speed of the
related art, the movement speed could not be correctly calcu-
lated. That is, if the calculated movement speed is temporally
integrated to obtain a movement distance, the movement dis-
tance is calculated to be shorter than the true movement
distance, and as aresult, alocus of a calculated position which
appears to be reduced compared to a locus drawn by a true
position may be obtained.

Accordingly, in the method of calculating a movement
speed of this embodiment, the relative speed vector “v~v,” is
corrected after the error “—a-v,” is estimated, thereby per-
forming convergence calculation for obtaining the optimum
resolution of the receiver speed vector v,. Therefore, it
becomes possible to prevent the error “~a-v,” from acting as
a backward resistance value, and to correctly calculate the
movement speed. Since it can be said that “o” is the coeffi-
cient (the correction coefficient of the relative speed) for
correcting the relative speed, description will be provided
while “o” is hereinafter referred to as “correction coeffi-
cient”.

The correction coefficient “c.” is the coefficient which indi-
cates changing the relative movement direction of the GPS
satellite and the GPS receiver to a given direction. Accord-
ingly, the correction of the relative speed means the correction
to the relative speed when the relative movement direction of
the GPS satellite and the GPS receiver is changed to a given
direction.

Returning to FIG. 3B, when the GPS receiver receives an
indirect wave, this is equivalent to a situation in which the
GPS receiver receives a direct wave while moving in a direc-
tion away from the GPS satellite. That is, compared to a case
where the GPS receiver receives a direct wave, when the GPS
receiver receives an indirect wave, the relative movement
direction of the GPS satellite and the GPS receiver is changed
to a given direction. Accordingly, in the correction of the
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relative speed, the correction to the relative speed when the
relative movement direction of the GPS satellite and the GPS
receiver is changed to a given direction is done.

In the convergence calculation of Expressions (15) to (17),
different correction coefficients a are applied depending on
the type (direct wave, indirect wave, or multipath signal) of
the reception signal measured for each movement speed cal-
culating satellite to calculate the estimated frequency £,(X,v,,
1,) from Expression (13). That is, calculation for calculating
the movement speed of the GPS receiver while changing the
value of the correction coefficient depending on the type of
the reception signal is performed.

According to the experiment performed by the inventors, it
has been confirmed that the correction coefficient o when the
reception signal is an indirect wave is equal to or greater than
1.0 and equal to or smaller than 3.0, and preferably, equal to
or greater than 1.8 and equal to or smaller than 2.2, and the
movement speed is calculated, thereby obtaining the move-
ment speed of the GPS receiver with high accuracy. Accord-
ingly, for a movement speed calculating satellite in which the
type of the reception signal is an indirect wave, for example,
the estimated frequency 1,(X,v,,1) is calculated with the cor-
rection coefficient “a=2.0".

For a movement speed calculating satellite in which the
type of the reception signal is a direct wave, for example, the
estimated frequency f,(X,v,]) is calculated with the correc-
tion coefficient “a=0". For a movement speed calculating
satellite in which the type of the reception signal is a multi-
path signal, for example, the estimated frequency 1,(X,v,,])) is
calculated with the correction coefficient “o=1.0".

2. Example

Next, an example of a movement speed calculation device
which calculates the movement speed under the above prin-
ciple will be described. In this example, as an example of an
electronic apparatus including a movement speed calculation
device, an example of a mobile phone (including a smart
phone) will be described.

2-1. Configuration of Mobile Phone

FIG. 4 is a block diagram showing an example of the
functional configuration of a mobile phone 1 in this example.
The mobile phone 1 includes a GPS antenna 5, a GPS recep-
tion unit 10, a host processing unit 30, an operating unit 40, a
display unit 50, a sound output unit 55, a mobile phone
antenna 60, a mobile phone wireless communication circuit
unit 70, a storage unit 80, and a timepiece unit 90.

The GPS antenna 5 is an antenna which receives RF (Radio
Frequency) signals including GPS satellite signals sent from
GPS satellites, and outputs reception signals to the GPS
reception unit 10.

The GPS reception unit 10 is a circuit or a device which
calculates the position or speed of the mobile phone 1 (GPS
receiver) on the basis of the reception signal of the GPS
satellite signal received by the GPS antenna 5, and is a func-
tional block corresponding to a so-called GPS receiver. In this
embodiment, the GPS reception unit 10 corresponds to a
movement speed calculation device.

The GPS reception unit 10 includes an RF reception circuit
unit 11 and a baseband processing circuit unit 20. The RF
reception circuit unit 11 and the baseband processing circuit
unit 20 may be manufactured as separate L.SI (Large Scale
Integration) or may be manufactured as one chip.

The RF reception circuit unit 11 is a reception circuit of RF
signals, and corresponds to a reception unit which receives a
transmission signal from a GPS satellite as a predetermined
transmission source. As a circuit configuration, for example,
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areception circuit in which an RF signal output from the GPS
antenna 5 is converted to a digital signal by an A/D converter,
and the digital signal is processed may be provided. A con-
figuration in which signal processing is performed on an RF
signal output from the GPS antenna 5 as an analog signal, and
after A/D conversion, a digital signal is finally output to the
baseband processing circuit unit 20 may be provided.

In the latter case, for example, the RF reception circuit unit
11 may be configured as follows. That is, a predetermined
oscillation signal is divided or multiplied to generate an oscil-
lation signal for RF signal multiplication. The generated
oscillation signal is multiplied to the RF signal output from
the GPS antenna 5 to down-convert the RF signal to an inter-
mediate-frequency signal (hereinafter, referred to as “IF (In-
termediate Frequency) signal™), and the IF signal is amplified
or the like, converted to a digital signal by the A/D converter,
and output to the baseband processing circuit unit 20.

The baseband processing circuit unit 20 is a circuit unit
which captures the GPS satellite signal sent from the GPS
satellite on the basis of the reception signal output from the
RF reception circuit unit 11. Specifically, the baseband pro-
cessing circuit unit 20 executes carrier removal, correlation
computation, or the like on the reception signal by hardware
using a dedicated circuit or by software as digital signal
processing to capture the GPS satellite signal. The position or
movement speed is calculated using measurement informa-
tion concerning the captured GPS satellite signal.

In this example, description will be provided assuming that
the baseband processing circuit unit 20 calculates the move-
ment speed of the mobile phone 1 (GPS receiver) using the
frequency after being down-converted to an intermediate fre-
quency by the RF reception circuit unit 11. That is, Expres-
sion (13) described in the principle is applied as a calculation
formula of the estimated frequency in the band of the inter-
mediate frequency, and the movement speed of the mobile
phone 1 is calculated in accordance with Expressions (14) to
(17) using the frequency after being down-converted by the
RF reception circuit unit 11.

The host processing unit 30 is a processor which performs
overall control of the respective units of the mobile phone 1 in
accordance with various programs, such as a system program
stored in the storage unit 80, and has a processor, such as a
CPU (Central Processing Unit). The host processing unit 30
causes the display unit 50 to display a map indicating the
current position on the basis of information of the position or
speed input from the baseband processing circuit unit 20, or
uses information of the position or speed for various kinds of
application processing.

The operating unit 40 is, for example, an input device
having a touch panel, a button switch, or the like, and outputs
a signal of a depressed key or button to the host processing
unit 30. With the operation of the operating unit 40, the input
of various instructions, such as a call request, a mail trans-
mission/reception request, a request to execute various appli-
cations, a position calculation request, and a speed calcula-
tion request, is made.

The display unit 50 is a display device having an LCD
(Liquid Crystal Display) or the like, and performs various
kinds of display based on a display signal output from the host
processing unit 30. The calculation result of the position and
speed, time information, or the like is displayed on the display
unit 50.

The sound output unit 55 is a sound output device having a
speaker, and outputs various kinds of sound based on a sound
output signal output from the host processing unit 30. Sound,
such as voice during a call or sound concerning various appli-
cations, is output from the sound output unit 55.

25

40

45

14

The mobile phone antenna 60 is an antenna which per-
forms transmission/reception of a mobile phone radio signal
with a wireless base station provided by a communication
service provider of the mobile phone 1.

The mobile phone wireless communication circuit unit 70
is acommunication circuit unit of the mobile phone which has
an RF conversion circuit, a baseband processing circuit, and
the like, and performs modulation and demodulation of the
mobile phone radio signal, thereby realizing transmission/
reception of a call or a mail, or the like.

The storage unit 80 has a storage device, such as a ROM
(Read Only Memory), a flash ROM, or a RAM (Random
Access Memory), and stores a system program used when the
host processing unit 30 controls the mobile phone 1, or vari-
ous programs or data for executing various kinds of applica-
tion processing.

The timepiece unit 90 is an internal timepiece of the mobile
phone 1, and has a crystal oscillator having a crystal vibrator
and an oscillation circuit, or the like. The clocking time of the
timepiece unit 90 is output to the baseband processing circuit
unit 20 and the host processing unit 30 at any time. The
clocking time of the timepiece unit 90 is corrected on the basis
of'a clock bias (timepiece error) calculated by the baseband
processing circuit unit 20.

2-2. Configuration of Baseband Processing Circuit Unit

FIG. 5 is a diagram showing an example of the circuit
configuration of the baseband processing circuit unit 20 and
the data configuration of the storage unit 23, and is a diagram
focusing on a circuit block involved in this example. The
baseband processing circuit unit 20 includes, as a main part,
aprocessing unit 21 and a storage unit 23. In this example, the
baseband processing circuit unit 20 realizes capturing of a
GPS satellite signal by software as digital signal processing.

The processing unit 21 is a control device and arithmetic
device which performs overall control of the functional units
of the baseband processing circuit unit 20, and has a proces-
sor, such as a CPU or a DSP (Digital Signal Processor).

The processing unit 21 has a satellite capturing unit 211, a
reception signal type determination unit 213, a position cal-
culationunit 215, and amovement speed calculation unit 217.
Meanwhile, when applying the invention, all of the functional
units may not be essential components, and other functional
units may be essential components.

The satellite capturing unit 211 is a functional unit which
captures a GPS satellite (GPS satellite signal). Specifically,
digital signal processing, such as carrier removal or correla-
tion computation, is executed on the digitized reception sig-
nal output from the RF reception circuit unit 11 to capture a
GPS satellite. Peak determination is performed for the corre-
lation computation result in the phase direction and the fre-
quency direction, and various kinds of amount, such as the
code phase or the reception frequency of the reception signal
or the signal intensity is calculated as measurement informa-
tion.

The reception signal type determination unit 213 deter-
mines the type of the reception signal in accordance with the
reception signal type determination method described in the
principle. The reception signal type determination unit 213
corresponds to a determination unit which determines
whether or not the reception signal of the reception unit is an
indirect wave.

The position calculation unit 215 performs the known posi-
tion calculation of the related art using a code phase 235A
included in measurement information 235 concerning each
captured satellite captured by the satellite capturing unit 211
or satellite movement information 237 to calculate the
receiver position and the clock bias.
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The movement speed calculation unit 217 calculates the
receiver speed vector or clock drift using a reception fre-
quency 235B included in the measurement information 235
concerning each captured satellite captured by the satellite
capturing unit 211 or the satellite movement information 237
in accordance with the movement speed calculation method
described in the principle. The movement speed calculation
unit 217 corresponds to a calculation unit which calculates
the movement speed of the GPS reception unit 10.

The storage unit 23 stores a system program of the base-
band processing circuit unit 20, various programs for realiz-
ing a satellite capturing function, a reception signal type
determination function, a position calculation function, and a
movement speed calculation function, data, and the like. The
storage unit 23 has a work area which temporarily stores
in-processing data, processing results, and the like of various
kinds of processing.

The storage unit 23 stores a baseband processing program
231 which is read by the processing unit 21 and executed as
baseband processing (see FIG. 6). The baseband processing
program 231 includes a movement speed calculation program
231A, which is executed as movement speed calculation pro-
cessing (see FIG. 7), as a subroutine. These kinds of process-
ing will be described in detail with reference to flowcharts.

The storage unit 23 stores a selection condition table 232,
satellite orbit data 233, measurement information 235 con-
cerning each captured satellite, satellite movement informa-
tion 237 concerning each captured satellite, and receiver
information 239.

The selection condition table 232 is a table in which a
selection condition to be used when the movement speed
calculation unit 217 selects a movement speed calculating
satellite from among captured satellites is determined.

The satellite orbit data 233 is data, such as almanac or
ephemeris of each GPS satellite. The satellite orbit data 233 is
acquired by decoding the GPS satellite signal received from
the GPS satellite, and acquired as assist data from the base
station of the mobile phone 1 or an assist server.

The measurement information 235 is the amount concern-
ing the captured GPS satellite signal, and includes the code
phase 235A, the reception frequency 235B, and signal inten-
sity 235C.

The satellite movement information 237 is information
representing the movement state of the captured satellite, and
includes, for example, the satellite position or the satellite
speed vector.

The receiver information 239 is information concerning
the GPS receiver, and includes, for example, the calculation
results of the receiver position, the clock bias, the receiver
speed vector, and the clock drift.

2-3. Flow of Processing

FIG. 6 is a flowchart showing the flow of baseband pro-
cessing which is executed in the baseband processing circuit
unit 20 when the baseband processing program 231 stored in
the storage unit 23 is read by the processing unit 21.

Initially, the processing unit 21 performs capturing-target
satellite selection processing (Step Al). Specifically, a GPS
satellite in the sky at the current time clocked by the timepiece
unit 90 is determined using the satellite orbit data 233 stored
in the storage unit 23 and selected as a capturing-target sat-
ellite.

Next, the satellite capturing unit 211 captures the GPS
satellite signal for each capturing-target satellite (Step A3).
Specifically, digital signal processing, such as carrier removal
or correlation computation, is executed on the reception sig-
nal input from the RF reception circuit unit 11 to capture the
GPS satellite signal. The processing unit 21 executes process-
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ing of a loop A for each captured satellite correlated by
correlation computation (Steps A5 to A13).

In the processing of the loop A, the processing unit 21
calculates the measurement information 235 concerning the
captured satellite (Step A7). Specifically, the code phase
235A and the reception frequency 235B are determined from
the correlation peak value obtained by correlation computa-
tion in the phase direction and the frequency direction. The
signal intensity 235C is calculated using the IQ components
of the correlation peak value.

Next, the processing unit 21 calculates the satellite position
and the satellite speed vector of the captured satellite as the
satellite movement information 237 using the satellite orbit
data 233 obtained by decoding the GPS satellite signal cap-
tured for the captured satellite (Step A9).

Thereafter, the reception signal type determination unit
213 performs reception signal type determination processing
for determining the type of the signal received from the cap-
tured satellite (Step A11). The processing content of the
reception signal type determination processing is as
described above. The processing unit 21 progresses the pro-
cessing to the next captured satellite. If the processing of
Steps A7 to A11 has been performed for all of the captured
satellites, the processing of the loop A ends (Step A13).

Next, the position calculation unit 215 performs position
calculation processing (Step A15). Specifically, a pseudo dis-
tance is calculated using the code phase 235A included in the
measurement information 235 calculated in Step A7 for each
captured satellite, and predetermined position calculation
using the pseudo distance is performed to calculate the
receiver position and the clock bias. The calculation results
are stored in the storage unit 23 as the receiver information
239.

Next, the movement speed calculation unit 217 performs
movement speed calculation processing in accordance with
the movement speed calculation program 231A stored in the
storage unit 23 (Step A17).

FIG. 7 is a flowchart showing the flow of movement speed
calculation processing.

Initially, the movement speed calculation unit 217 selects
the movement speed calculating satellite from among the
captured satellites in accordance with the selection condition
determined in the selection condition table 232 of the storage
unit 23 (Step B1). The movement speed calculation unit 217
establishes the calculation formula of the estimated fre-
quency represented by Expression (13) for each selected
movement speed calculating satellite (Step B3).

The movement speed calculation unit 217 performs con-
vergence calculation in accordance with Expressions (15) to
(17) using the calculation formula of the estimated frequency
established for each movement speed calculating satellite to
calculate the receiver speed vector and the clock drift (Step
B5). The movement speed calculation unit 217 stores the
calculated receiver speed vector and clock drift in the storage
unit 23 as the receiver information 239, and then ends the
movement speed calculation processing.

Returning to the baseband processing of FIG. 6, after the
movement speed calculation processing is performed, the
processing unit 21 outputs the receiver information 239
including the receiver position and the clock bias obtained in
the position calculation processing and the receiver speed
vector and the clock drift obtained in the movement speed
calculation processing to the host processing unit 30 (Step
A19).

Thereafter, the processing unit 21 determines whether or
not to end the processing (Step A21), and when it is deter-
mined to continue the processing (Step A21; No), returns to
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Step Al. When it is determined to end the processing (Step
A21; Yes), the baseband processing ends.

3. Functional Effect

According to this embodiment, it is determined whether or
not the reception signal of the GPS receiver is an indirect
wave. Under the principle that the reception frequency
changes depending on the relative speed of the GPS satellite
and the GPS receiver, the movement speed of the GPS
receiver is calculated using the correction coefficient of the
relative speed determined in accordance with the transmis-
sion frequency of the GPS satellite signal, the reception fre-
quency in the GPS receiver, and whether or not the reception
signal is an indirect wave. When the reception signal from the
GPS satellite is an indirect wave, the correction coefficient for
indirect wave reception is applied as the correction coefficient
oftherelative speed of the GPS satellite and the GPS receiver,
and under the principle that the reception frequency changes
depending on the relative speed is used, the movement speed
of the GPS receiver can be correctly calculated.

In the movement speed calculation processing, the error
with respect to the relative speed when the reception signal is
a direct wave is estimated assuming that the movement speed
of'the GPS receiver and the error have a positive correlation.
Specifically, the error with respect to the relative speed is
estimated in accordance with a linear correlation formula
(linear function) in which the correction coefficient “a.” rep-
resenting the degree of'increase of the error with respect to the
movement speed of the GPS receiver is equal to or greater
than 1.0 and equal to or smaller than 3.0. Therefore, it is
possible to correctly estimate the error with respect to the
relative speed when the reception signal is a direct wave and
to appropriately correct the relative speed.

Even when the GPS receiver receives an indirect wave, for
example, even when the GPS receiver is moving in a direction
close to the GPS satellite, it appears that the GPS receiver is
moving in a direction away from the GPS satellite from the
effect of the Doppler error. Accordingly, the relative speed
when the reception signal is a direct wave is corrected to the
relative speed when the relative movement direction of the
GPS satellite and the GPS receiver is changed to a given
direction, thereby preventing the movement speed from being
erroneously calculated.

4. Modifications

An example to which the invention can be applied is not
limited to the foregoing example, and may be of course appro-
priately changed without departing from the scope of the
invention. Hereinafter, modifications will be described.

4-1. Transmission Source

Although in the foregoing embodiment, a case where a
predetermined transmission source is a GPS satellite has been
described, the predetermined transmission source is not lim-
ited thereto. For example, a positioning satellite in a satellite
positioning system, such as WAAS (Wide Area Augmenta-
tion System), QZSS (Quasi Zenith Satellite System), GLO-
NASS (GLObal NAvigation Satellite System), or GALILEO,
as a satellite positioning system other than the GPS, may be a
transmission source.

As a positioning satellite which simulates a positioning
satellite, a pseudo satellite (pseudolite) provided on the
ground is known. The pseudo satellite may be a predeter-
mined transmission source, a pseudo satellite signal transmit-
ted from the pseudo satellite may be received to calculate the
movement speed of the receiver by the same method as in the
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foregoing embodiment. The base station of the mobile phone
may be a predetermined transmission source, and a base
station signal transmitted from the base station may be
received to calculate the movement speed of the receiver.
4-2. Calculation of Movement Speed

Although in the foregoing embodiment, a case where the
speed of the GPS receiver is considered as a three-dimen-
sional speed vector, and four unknowns including the clock
drift are obtained has been described, this is just an example.
For example, the value of the clock drift may be known, and
three unknowns concerning a three-dimensional speed vector
may be obtained. In this case, three or more captured satellites
may be selected as a movement speed calculating satellite.

Instead of considering a three-dimensional speed vector, a
two-dimensional speed vector or a one-dimensional speed
vector may be considered. For example, when a four-wheeled
vehicle is considered, it can be assumed that the four-wheeled
vehicle does not jump or skid during normal driving. In this
case, the speed components of the up-down direction and the
left-right direction with respect to the four-wheeled vehicle
may be zero, and only one-dimensional speed with respect to
the forth-back direction of the four-wheeled vehicle may be
considered. In this case, if the clock drift is known, the move-
ment speed of the receiver can be calculated only by capturing
one GPS satellite.

4-3. Method of Selecting Movement Speed Calculating Sat-
ellite

The method of selecting a movement speed calculating
satellite described in the foregoing embodiment is just an
example, and may be of course appropriately changed. For
example, a captured satellite in which it is determined that the
reception signal is a multipath signal may not be selected as a
movement speed calculating satellite, and all captured satel-
lites in which it is determined that the reception signal is a
direct wave and all captured satellites in which it is deter-
mined that the reception signal is an indirect wave may be
selected as a movement speed calculating satellite.

4-4. Correction Coefficient

Although in the foregoing embodiment, the correction
coefficient when the reception signal is an indirect wave is
“0=2.0", the correction coefficient when the reception signal
is a direct wave is “a=0", and the correction coefficient when
the reception signal is a multipath signal is “a=1.0", these
values are just an example.

The correction coefficient o when the reception signal is an
indirect wave is preferably equal to or greater than 1.0 and
equal to or smaller than 3.0, and more preferably, equal to or
greater than 1.8 and equal to or smaller than 2.2. Meanwhile,
when the relationship between the line-of-sight receiver
speed v,,, and the Doppler error € is approximated by a
function other than a linear expression, since the meaning of
a differs, different values may be taken.

The correction coefficient a when the reception signal is a
direct wave may not be zero and may have a given margin
around zero, and for example, the correction coefficient
may be selected from a numerical value range equal to or
greater than -0.2 and equal to or smaller than +0.2.

4-5. Determination of Output Position

The final output position may be determined using the
receiver position calculated on the basis of the pseudo dis-
tance and the receiver position calculated by integrating the
receiver speed vector.

FIG. 8 is a flowchart showing the flow of second baseband
processing which is executed by the processing unit 21 of the
baseband processing circuit unit 20 instead of the baseband
processing of FIG. 6. The same steps as in the baseband
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processing are represented by the same reference numerals,
and further description will be omitted.

After the processing of the loop A, the position calculation
unit 215 performs first position calculation processing (Step
C15). In the first position calculation processing, conver-
gence calculation is performed on the basis of the pseudo
distance calculated for each captured satellite to calculate the
receiver position and the clock bias. The receiver position
calculated in the first position calculation processing is stored
as a first calculated position.

After the movement speed calculation processing is per-
formed in Step A17, the position calculation unit 215 per-
forms second position calculation processing (Step C19). In
the second position calculation processing, the movement
distance and the movement direction of the GPS receiver are
calculated by integrating the receiver speed vector obtained in
the movement speed calculation processing, and added to the
previously obtained receiver position to calculate the current
receiver position. The receiver position calculated in the sec-
ond position calculation processing is stored as a second
calculated position.

Next, the position calculation unit 215 determines the out-
put position using the first calculated position obtained
through the first position calculation processing and the sec-
ond calculated position obtained through the second position
calculation processing (Step C21). For example, average pro-
cessing of the first calculated position and the second calcu-
lated position is performed, and the resultant position is deter-
mined as the output position. In this case, as the average
processing, a simple arithmetic average may be applied or a
weighted average may be applied. The processing unit 21
outputs the receiver information 239 including the deter-
mined output position to the host processing unit 30 (Step
C23).

4-6. Frequency for Movement Speed Calculation

Although in the foregoing example, a case where the GPS
receiver embedded in the electronic apparatus calculates the
movement speed using the frequency after being down-con-
verted to the intermediate frequency has been described.
Meanwhile, the calculation formula of the estimated fre-
quency of Expression (13) may be substantially similarly
applied to a frequency in a certain band before and after
down-conversion. For this reason, a configuration in which
the GPS receiver calculates the movement speed using a
frequency before down-conversion may be of course pro-
vided.

4-7. Electronic Apparatus

Although in the foregoing example, an example where the
invention is applied to a mobile phone as a type of electronic
apparatus has been described, an electronic apparatus to
which the invention can be applied is not limited thereto. For
example, the invention can be similarly applied to other elec-
tronic apparatuses, such as a car navigation device, a portable
navigation device, a personal computer, a PDA (Personal
Digital Assistant), and a wristwatch. The invention may be
applied as a speedometer which measures the speed of an
automobile, a motor bicycle, or a bicycle as a mobile object.
4-8. Subject of Processing

Although in the foregoing example, a case where the move-
ment speed calculation processing is executed by the process-
ing unit of the baseband processing circuit unit has been
described, the host processing unit of the electronic apparatus
may execute the movement speed calculation processing. The
baseband processing circuit unit and the host processing unit
may distribute processing such that the position calculation
processing is executed by the processing unit of the baseband
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processing circuit unit, and the movement speed calculation
processing is executed by the host processing unit of the
electronic apparatus.

What is claimed is:
1. A method for calculating a movement speed of a receiver
receiving a transmission signal from a predetermined trans-
mission source, the method comprising:
determining whether a reception signal of the receiver is an
indirect wave, a direct wave, or a multipath signal; and

based on a principle that a reception frequency changes
depending on a relative speed of the transmission source
and the receiver, calculating the movement speed of the
receiver using a correction coefficient of the relative
speed, a transmission frequency of the transmission sig-
nal at the transmission source and the reception fre-
quency in the receiver,

wherein the correction coefficient has a first value when the

reception signal is determined to be a direct wave, the
correction coefficient has a second value when the
reception signal is determined to be a multipath wave,
and the correction coefficient has a third value when the
reception signal is determined to be an indirect wave.

2. The method according to claim 1,

wherein the calculating of the movement speed includes

estimating an error with respect to the relative speed
when it is determined that the reception signal is a direct
wave.

3. The method according to claim 2,

wherein the estimating of the error includes estimating the

error assuming that the movement speed of the receiver
and the error have a positive correlation.
4. The method according to claim 3,
wherein the estimating of the error includes estimating the
error based on the positive correlation in which the
degree of increase of the error with respect to the move-
ment speed of the receiver is equal to or greater than 1.0
and equal to or smaller than 3.0.

5. The method according to claim 1,

wherein the correction coefficient is a coefficient which
indicates changing a relative movement direction of the
transmission source and the receiver to a given direction.

6. The method according to claim 1, further comprising:

receiving transmission signals from a plurality of transmis-

sion sources,

wherein the determining includes determining whether or

not each reception signal is an indirect wave, and

the calculating of the movement speed includes calculating

the movement speed of the receiver using a correction
coefficient of a relative speed concerning each reception
signal.
7. The method of claim 1, wherein the first value of the
correction coefficient is zero when the reception signal is
determined to be a direct wave.
8. The method of claim 1, wherein the second value of the
correction coefficient is one when the reception signal is
determined to be a multipath signal.
9. The method of claim 1, wherein the third value of the
correction coefficient is two when the reception signal is
determined to be an indirect wave.
10. A device for calculating a movement speed, the device
comprising:
a reception unit which receives a transmission signal from
a predetermined transmission source;

a determination unit which determines whether a reception
signal of the reception unit is an indirect wave, a direct
wave, or a multipath signal; and
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a calculation unit which, based on a principle that a recep-
tion frequency changes depending on a relative speed of
the transmission source and the reception unit, calcu-
lates the movement speed of the reception unit using a
correction coefficient of the relative speed, a transmis- 5
sion frequency of the transmission signal at the trans-
mission source and the reception frequency in the recep-
tion unit,

wherein the correction coefficient has a first value when the
reception signal is determined to be a direct wave, the 10
correction coefficient has a second value when the
reception signal is determined to be a multipath wave,
and the correction coefficient has a third value when the
reception signal is determined to be an indirect wave.
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